A reconstruction of the early Pleistocene paleohydrochemistry based on the Mg, Sr and Ca content of the Cyprideis valves is presented for shallow lacustrine sequences of the Baza basin. A large number of environmental changes in this marginal area has been recorded by the recurrent alternation of two fossil assemblages which differ in their salinity requirements. Measurements of the Sr/Ca and Mg/Ca ratios of individual calcite shells of Cyprideis show that the water in the higher saline stages (with thalassic organisms indicating marine-like conditions) was of non-marine origin. The Sr/Ca values of Cyprideis valves from sands deposited during a saline water phase show lower values than those from an overlying carbonate sequence which was formed under lower salinity conditions. These unexpected values are assumed to be the result of major changes in the chemical composition of the water in shallow, littoral ponded areas of a hydrologically complex lake. In the sequences that originated in these areas, Sr/Ca values may be used only as salinity indicators within each portion of the sequence formed in a single, continuous evolution. In more open areas, the wide fluctuations of Sr/Ca and Mg/Ca recorded in ostracodes from individual layers of rippled ostracode-shell sands probably reflect the mixing of valves from changing short-term environmental conditions.
Introduction
Many limnic ostracode species have precise ecological requirements and the relationships between ostracodes and their chemical environment have been emphasized in recent years (see Carbonel et al., 1988 for a review). One of the best known species is Cyprideis torosa Jones, an abundant ostracode in the Pleistocene lacustrine deposits of the Baza basin. For this species the relationship between geochemical properties of its aquatic habitat and the morphological response of its caparace have been discussed by Vesper (1972) , Peypouquet (1977) and Carbonel etal. (1988) .
Furthermore, the incorporation of trace elements in biogenic carbonates through the formation of solid solution (coprecipitation) has been the subject of several studies -summarized by Renard (1985) -over the last decades. Some authors have attempted to determine the relationships existing between host water and ostracode valve composition (Chave, 1954; Cadot et al., 1972; Bodergat & Andreani, 1980; Bodergat, 1983 Bodergat, , 1985 Chivas etal., 1983 Chivas etal., , 1985 Chivas etal., , 1986a . Recent works by Chivas etal. (1983 Chivas etal. ( , 1985 Chivas etal. ( , 1986a both in lakes and controlled aquaria have permitted the calculation of the partition coefficients of Sr and Mg in ostracode shells where Ca is the carrier element. These authors have shown that the Sr distribution coefficient in non-marine ostracodes (including Cyprideis) is independent of temperature and that, for a particular species, the individual ostracode valves contain Sr in proportion to the Sr content of their aquatic habitat. Thus, Sr content of ostracodes has been proposed to be an indicator of water salinity for hydrologically simple lakes (Chivas et al., 1985) . Mg incorporation in ostracodes is dependent both on temperature and Mg/Ca ratio of the host water (Chivas et al., 1986a, b) . Thus a combination of 180 and Mg measurements on non-marine ostracodes would enable a joint resolution of paleotemperature and paleosalinity variations (Chivas et al., 1986a, b) .
Previous works in the Pleistocene lacustrine sequence of the NE Baza basin based on the paleoecology of ostracodes (Anadon et al., 1986) and on the paleoecology of the fossil assemblages (Anadon et al., 1987) have documented salinity variations as well as alternations of saline Na-Cl dominant water episodes and slightly saline to fresh, bicarbonate-rich water episodes.
The aim of this paper is to reconstruct some of the past water chemistry conditions in the aquatic environment of the Baza basin during the Early Pleistocene by means of the application of the Sr and Mg contents in ostracode shells as hydrologic indicators. Analyses of the Ca, Mg and Sr contents in the Cyprideis individual valves, coupled with the experimentally determined distribution coefficient values for this genus calculated by Chivas et al. (1986b) , enable us to determine the Mg/Ca and Sr/Ca of the waters in which the ostracodes lived.
Description of site studied
The Guadix-Baza intramontane basin (Fig. 1) is located in the Alpine Betic Chain (Southern Spain). This basin yields a sedimentary sequence ranging from Lower Miocene to Pleistocene. During the Pliocene and Pleistocene an extensive lacustrine sedimentation took place in the eastern part of the basin (Vera, 1970; Peifa, 1985) . These lacustrine deposits can exceed 100 m thickness in the central part of the Baza basin and belong to the Baza Formation as defined by Vera (1970) .
In the NE part of the basin (Orce-Venta Micena region) a lower Pleistocene (Upper VillanyianLower Biharian) lacustrine sequence up to 25 m thick, crops out extensively (Vera etal., 1984; Agusti etal., 1984; Soria etal., 1987) . These lacustrine deposits overlie calcareous and dolomitic mudstones with interbedded sandstones which have been interpreted as mud flat facies of the Baza lacustrine system deposited during a major water level recession (Anadon et al., 1986) . The overlying lacustrine sequence is formed by a variety of lithologies showing a complex lateral and vertical arrangement: calcareous and dolomitic mudstones, sands, sandstones, gravels, limestones and dolostones. This littoral lacustrine sequence has been interpreted to represent a main phase of lacustrine expansion of one hundred thousand years during the early Pleistocene. Nevertheless, minor contractions and expansions of the lake system have also been recorded in this littoral area by the recurrent alternation of two fossil assemblages which differ in their salinity requirements (Anadon et al., 1986 (Anadon et al., , 1987 . Three sections (Fig. 1) , including these two fossil assemblages, were selected for collecting ostracode shells in order to analyze their Ca, Sr and Mg contents and determine the Mg/Ca and Sr/Ca of their host waters.
Materials and methods
The Mg, Sr and Ca content of 78 individual valves of Cyprideis torosa were calculated. The individual valves were collected from Cyprideis-bearing beds in three sections of the Orce-Venta Micena area. These sections were selected because, apart from Cyprideis, other fossils of paleoecological interest were found (Anadon et al., 1986 (Anadon et al., , 1987 . Although up to 10 individual valves were selected from each level, only results from 3 to 6 valves were obtained for each sample (one sample corresponding to one level).
The analytical procedure followed a similar pattern to that described by Chivas et al. (1986a) . Table 1 .
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Results
Venta Micena X section (Fig. 2) Description andfossil content
The X section is located in a marginal zone of the Orce-Venta Micena ancient embayment, near the Venta Micena fossil-mammal site (lower Pleistocene). The lower part of the section (a) is formed by bioturbated dolomitic mudstones and marls, without fossils, interpreted as a mudflat deposit.
The overlying bl bed, 0.3 m thick, is formed by greenish grey marls and dark silty clays. The marls contain an abundant fresh-water fauna (molluscs and ostracodes) in association with some species which tolerate slightly saline waters (Candona neglecta Sars, Hydrobiidae). This bed is overlain by 0.85 m of white or grey laminated sands with interbedded green mudstones (b2). A E o (s): smooth val sample from the base contains mainly fresh-water organisms, some of them preferring bicarbonaterich waters, together with some fossils of euryhaline (eurytopic) organisms: Ammonia beccarii (Linne), Cyprideis torosa. The overlying sediments contain abundant C. torosa and A. beccarii. The layer of X-7 sample is formed by a lumachelle of the thalassic bivalve Cerastoderma. The b2 level originated in a lacustrine environment with permanent saline water. The fossil content of the sample from the lower part of this level may be interpreted to represent a lower salinity episode or, alternatively, the mixing of chemically different waters. The X section top level c, not represented in Fig. 2 , is formed by white, chalky limestones which contain an abundant fresh-water ostracode and mollusc fauna in neighboroughing outcrops.
The described sequence is assumed to have originated during a minor expanding-receding cycle in the marginal zone of the Baza basin (Anadon et al., 1987) The c bed has been interpreted as the deposit of fresh-water ponds surrounding the main body of the lake after a receding phase.
Geochemistry of Cyprideis torosa valves.
The Sr/Ca and Mg/Ca plots (Fig. 2) indicate that the Sr/Ca atomic ratio increases from the lower sample (X.6) to the uppermost one (X.9) suggesting a relative increase in the Sr content of the host waters. As they are located in a continuous sequence, that originated during a minor expanding-receding cycle, these values have been interpreted in terms of an increase in the salinity of the water. This interpretation is supported by the presence of the thalassic organisms Ammonia beccarii and Cerastoderma in the X.7 and X.9 beds and the absence of these in the lowermost X.6 bed which, in turn contains Heterocypris salina (Brady). A Na-Cl dominant water is deduced from the biota composed by C. torosa, and the thalassic organisms A. beccarii and Cerastoderma. The Mg/Ca variations are more difficult to interpret because of strong thermodependence of the distribution coefficient of Mg in calcitic shells (Chivas et al., 1986a, b) . A Mg/Ca trend that is not parallel to the Sr/Ca trend may be attributed to the variation in temperature in accordance with Chivas et al. (1986b) . (Fig. 3) Description andfossil content The lower part of the section (a) is formed by bioturbated red sandy mudstones interpreted as mud flat deposits. They can be correlated with the 'a' bed from the X section.
Barranco Leon (BL-LB) sections
The overlying (b) beds are formed by sands and conglomerates in a coarsening upwards sequence (Fig. 3) . The sands display ripple cross lamination and contain abundant ostracodes and a smaller amount of foraminifers, indicating a saline water of Na-CI type. An episode of lower salinity is reflected by the BL-3 sample characterised by the presence of fresh-water species such as Ilyocypris bradyi Sars and I. gibba (Ramd) and the absence of A. beccarii. The (c) beds are formed by brecciated and nodulized azoic limestones where the uppermost level corresponds to a paleosoil. The upper sequence of this section (d) is formed by a lithologically complex succession: sands, mudstones, marls and limestones, the beds displaying lenticular geometry. Although a low-salinity episode is recorded at the base of this level (d) by the presence of A. beccarii, the bulk of this upper succession is considered to be deposited in a freshwater environment as is suggested by the presence of a polyspecific fauna comprising fresh-water molluscs and ostracodes.
Geochemistry of Cyprideis valves
The plots of Sr/Ca and Mg/Ca atom ratios allow us to differentiate two groups of data (Fig. 3) . One of the groups is formed by the lower samples (BL-3 inf, BL-4, BL-5) which show lower Sr/Ca values and higher Mg/Ca values than the other group which is formed by the upper samples (LB-2, LB-3, BL-13). Thus, two kinds of waters may be deduced during the early Pleistocene in the BL zone. The low Sr/Ca and high Mg/Ca values in the ostracodes correspond to the highest salinity water, as is suggested by the ostracode paleoecology. The high Sr/Ca and low Mg/Ca values correspond to the water with lower salinity, as is indicated by ostracodes and molluscs of the samples from the upper levels. These facts indicate that major changes in water composition occurred between the two episodes represented by the two sample groups. (Fig. 4) 
Yeseras (YES) section
Description and fossil content
The studied succession is formed by sands with minor interbedded marls and rare gypsum layers. The sands are formed by quartz grains and ostracode shells in varying proportions. In the lower beds, the sands contain up to 50% of quartz grains but they decrease noticeably towards the upper beds. The ostracode sands present current and wave-ripples, and locally, large-scale cross bedding. The sandy sequence (e and f beds) is overlain by a tabular cross bedded gravel bed (g).
The biota from the lower bed (e) consists of The sedimentary features and fossil content suggest that the f bed deposits were formed along the shore of a saline (Na-Cl type) and permanentwater lake. The fossil content of the Yeseras section suggests that in some phases (i.e. recorded by the samples 15 and 23) tfiis lake experienced low salinity (< 5 %). 
Geochemistry of Cyprideis valves
The absolute values for Ca (Table 1) are lower when compared with the values from other sections. This is due to the smaller size and thinness of the Cyprideis valves from Yeseras. This thinness indicates that the system was probably rather depleted in dissolved carbonate ion or in Ca + 2 or in both (Gasse et al., 1987; Carbonel et al., 1988) . Although the fossil content from this section shows certain affinities with that of the X section, these similarities are not reflected in the Mg and Sr content of the ostracode valves. The Sr/Ca and Mg/Ca plots indicate that although some samples display a relatively high grouping of individual values, other samples show a more scattered pattern. Some of the levels reveal wide fluctuations in Sr/Ca reflecting similar salinity fluctuations. The wide fluctuations in the Mg/Ca ratios of Cyprideis from individual layers suggest a shallow water body where recurrent changes in temperature and in the Mg/Ca of the waters occurred. Moreover, in some levels of this section, formed by rippled ostracode sands, a single sample probably integrates different stages of lacustrine evolution. When for one specific bed, Sr/Ca values are grouped and Mg/Ca are scattered, it may be suggested that this Mg/Ca scattering is related to temperature fluctuations during phases of unchanged salinity. The wide Mg/Ca variations in the waters will be discussed below. (Fig. 6 ) has a wider scattering than the Sr versus Ca plots (Fig. 5 ). This pattern probably results from the fact that there are two variables controlling Mg uptake: temperature and water composition whereas Sr uptake is only controlled by water composition, as has been reported by Chivas et al. (1986a, b) . The Sr/Ca versus Mg/Ca diagram (Fig. 7) shows that, except for the YES samples, the other samples studied display section groupings. The YES samples have a noteworthy variation in the Mg/Ca ratio which probably reflect wide fluctuations in the temperature and Mg/Ca ratio of the water body. In addition the high Mg/Ca values in the YES shells which commonly have the lower weights (see Ca values in Table 1 ), must be related to the conditions of growth. Thus, as has been demonstrated by Chivas et al. (1983 and 1986a ) the poorly calcified and/or newly formed ostracode shells have high Mg contents. Only after reaching adult size is the Mg content an indication of the geochemical conditions of the water. Furthermore, thin, poorly calcified and poorly ornamented shells in Cyprideis torosa are attributed to CO 2 rich host waters that are undersaturated with respect to calcite (Gasse etal., 1987) . The low weight may also be attributed to a high salinity in the host waters.
Paleohydrochemistry
The application of the Sr and Mg distribution coefficient relationships to the Sr/Ca and Mg/Ca ratios obtained in the ostracode valves allow us to calculate the Sr/Ca and Mg/Ca ratios in their host waters. These distribution coefficient values are Kd(Sr) = 0.474 and Kd(Mg) = 0.0046 (Chivas etal., 1986b) . As the Mg content of ostracodes depends on the water temperature, this calculation has been made assuming that T = 25 C, (this is the temperature from laboratory culture where Kd (Mg) for Cyprideis was deduced by Chivas etal., 1986b) . The Sr/Ca versus Mg/Ca diagram (Fig. 8) for the deduced geochemistry of the lake waters shows that the molar ratio distributions are removed from the typical values for marine water, either evaporated, or diluted, and differ also markedly from the mean values for continental, dilute, non-marine waters.
A mainly bicarbonate freshwater has been de- Mean river values and sea water range from Renard (1985) . Lake Constance and Alpenrhein River values from MOller (1968) . See the text for explanation.
duced for the marginal zone of the lake during the deposition of the BL-LB upper levels, where a mainly carbonate deposition took place (Anadon et al., 1986 (Anadon et al., , 1987 . The low Mg/Ca values deduced for lake water are in agreement with this assumption. The Sr/Ca values deduced for the lake during this episode are high, and similar to those for sea water. These high values may be explained by an abnormally high Sr content in the source area. Gypsum, which has a relatively high Sr content is a frequent rock type in the Keuper (Triassic) of the surrounding area of the Baza basin. In addition high Sr content anomalies have been reported from this source area (Sebastian, 1979) . A similar phenomenon has been described by Miller (1968 Miller ( , 1969 in lake Constance where high Sr/Ca values, unusual in a fresh-water environment, fall almost into the range of marine waters. Thus, these high Sr/Ca values in BL-LB upper level shells most probably are the result of a major change in the water composition experienced in the shallow, marginal ponded area of a hydrologically complex lake system. This major change is reflected both by the changes in the fauna and by the emersion episode recorded in the sequence (Fig. 3) . Thus, in this section the Sr/Ca values may only be used as indicators of salinity within each portion of the sequence (b or c beds) which shows a continuous deposition and evolution. All the BL-LB, X and some few YES samples indicate Mg/Ca values for host waters ranging between 1 and 3. These values, common for nonmarine waters, are differentiated from the mean sea-water values (Fig. 8) . Nevertheless, the YES samples pattern in the Sr/Ca versus Mg/Ca diagram for host waters indicate a wide range in the Mg/Ca deduced for these waters. Some additional remarks may be made to explain this wide Mg/Ca variation.
The mean Mg/Ca values displayed by Yeseras samples gathered from individual layers present higher values than those from the X and BL-LB sections; the lower mean values from YES are similar to those from X and BL (Fig. 7) . These higher mean Mg/Ca values could indicate higher temperature in the saline (Na-Cl) lake waters from more open and shallower areas, given that the Sr/Ca display similar values in all these sections. Another reason for higher mean Mg/Ca values is that the Yeseras shells are thinner than those from the X and BL-LB sections which indicates poorly calcified shells. A probable preferential uptake of Mg may have occurred in the YES shells during the early stages of calcification.
The high Sr/Ca and Mg/Ca variations displayed by the YES samples, gathered from individual layers, indicate wide Sr/Ca and Mg/Ca fluctuations in the lake waters from a more open area. These fluctuations probably reflect the mixing of valves from different short-term environmental conditions (depth, salinity, temperature, etc). The Mg/Ca fluctuation in the lake waters may also be attributed to simultaneous gypsum precipitation. This precipitation in SO4-> Ca 2 + water would produce a sharp rise in the Mg/Ca ratio.
Conclusions
The Sr and Mg content of the Cyprideis valves from the Pleistocene marginal sequences of the Baza basin reflect the Sr/Ca and Mg/Ca in the waters where they lived and are not direct indicators of salinity. The assignment of the distribution coefficients for Mg and Sr in Cyprideis calculated by Chivas et al. (1986b) for the Pleistocene specimens of the Baza basin indicates that water in the saline stages was of non marine origin. During these stages, a community with foraminifers and thalassic molluscs developed.
The Sr content variations from ostracodes that lived during single, hydrologically simple phases of the lacustrine system may be used as indicators of salinity variations (i.e. X section). In sequences resulting from complex paleogeographical and hydrological evolutions (i.e. BL-LB section), the Sr and Mg contents may only be used as broad salinity indicators within each portion of the sequences. Each portion originated in a single, continuous evolution.
The high Sr/Ca values deduced for the lake waters during the episode recorded in the upper samples of the BL-LB section within the range of the marine waters may be due to the abnormally high Sr content in the source area. A fresh water episode has been deduced in accordance with the paleoecology of fossil assemblages.
Cyprideis valves with the highest Mg contents and the widest Mg content variations in valves from the same level in the YES section display a smaller mean size and thinness than all the other valves studied. These morphotype characters probably recorded depletion in dissolved carbonated ion or in Ca 2 + as well as a relatively high salinity. As the Mg/Ca measurements are only indicative of the environment if restricted to fully calcified specimens (as demonstrated by Chivas et al., 1986b) the Mg content of most of the Cyprideis valves from the YES section probably reflects higher values of the distribution coefficient and is not indicative of the Mg/Ca of their host waters.
The combined paleoecological studies and geochemical analyses of fossil-shell carbonates provide useful data on total salinity, anionic dominance and cation molar ratios in the waters where they lived.
